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Joaquin

* Hurricane Joaquin, the strongest Atlantic hurricane since Igor in
2010, developed on September 27t 2015. Of particular

interest to our study is the evolution of Joaquin’s intensity.

* Earlyinits lifecycle the hurricane underwent a Rapid
Intensification (RI) and saw a pressure drop of 57 millibars in
about 39 hours, going from a strong tropical storm to

a Category 4 hurricane.
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Could we predict that?

Current Hypotheses and Questions

* Inner core processes play crucial role in determining storm's
intensity and size.

* Need to understand the roles of :
— convective type and organization.
e azimuthally symmetric and weak convection
* isolated, asymmetric deep/intense convection
— spatial distribution of the convection
* radial location with respect to Radius of Maximum Wind

* azimuthal location with respect to the shear vector (deep

convection propagating from Downshear-Right (DSR) to DSL and then to USL)

e Can we use satellite observations to understand these roles?



Approach

* Motivated by this, we examine the relationship between:

— the structure of the 2D precipitation

* GMI, AMSR2, SSMIS

— the structure of the near-surface wind field

* RapidScat, ASCAT and now SMAP

 We relate the evolution of these two fields, as
determined from near-simultaneous satellite
observations, to the hurricane intensity changes and
we find potential predictive capabilities.



The North Atlantic Hurricane Watch: On-line Analysis Tools:
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Wave Number Analysis of the Rain Field (as depicted by the Rain Index) from p
microwave observations (following Vukicevic et al. 2013)
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Wave Number Analysis of the Rain Field (as depicted by the Rain Index) from p

microwave observations: FEATURES of the Rain Field
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Summary

e Satellite observations, together with our analysis tools,
allow quantifying the radial distribution of several
important characteristics of the storm:

— the degree of storm symmetry

— the radial distribution of the intensity (wind, rain)

— the intensity/symmetry of rain in relation to the RMW,
with dynamical consequences for the Rl

* According to theory and recent research, and supported by
our studies, these analyses have potential for predicting
Rapid Intensification.



Summary (cont.)

To make these analyses we need near-coincident (within 3 hours)
satellite observations of precipitation and near surface winds.
— Passive Microwave Observations of precipitation are relatively
frequent
— Satellite observations of near-surface winds are infrequent.
This brings to the forefront the need of accurate observations of the
near-surface ocean winds in hurricane conditions.
— particular important is the ability to accurately determine the
radius of maximum wind.
— translates into a requirement for accurate determination of high

winds, and under the heavy precipitation in the hurricane inner

core.
* Using SMAP observations could help.
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Data, tools and sources

The study utilizes observations and on-line http://tropicalcyclone.jpl.nasa.gov
analysis tools provided by the JPL Tropical G stpopton aoror PR —
Cyclone Information System (TCIS), developed . P —
to Su pport hurricane resea rch' TROPICAL CYCLONE INFORMATION SYSTEM

A Vielcome to he JL Tropicl {_ Introduction
‘ Cyclone Information System

. . i ) ' - \ | The JPL Tropical Cyclone Information 1Team

— The Tropical Cyclone Data Archive - a 12-year global &= AN el B e esoxch. s e componens &

9 g g g g 3 R . B 12-year global archive of multi-satellit

archive of multi-satellite hurricane observations; : Tcare costons s a e

| hurricane observations and, what was a near
8 real-ime portal, that supported the 2010 4 Colaborators
NASA Genesis and Rapid Intensification
Processes (GRIP) hurricane field campaign.
Together, data and visualizations from the
near-real time system and data archive can :
be used to study hurricane process, validate < Funding
and improve models, and assist in developing
new algorithms and data assimilation
techniques. Below you will find links to
various portals where you can view different * | 4 Publications
tvpes of data. M

TCIS has two components:

— The North Atlantic Hurricane Watch (NAHW -
http://mwsci.jpl.nasa.gov/nahw ) - a data portal tha
monitors hurricanes in the North Atlantic and East
Pacific ocean basins. This portal allows users to
analyze and compare observation data and model
forecasts during each hurricane season (June -
November) from 2012 to the present day.

Tropical Cyclone Data ArchD

The TCIS Data Archive is a comprehensive tropical cyclone database of multi-parameter satellite observations pertaining to the
thermodynamic and microphysical structure of the storms, the air-sea interaction processes and the larger-scale environment.
Currently, it contains satellite depictions of hurricanes over the globe from 1993-2010. Users are able to browse through hurricane

seasons and ocean basins to find specific storms of interest. The portal is designed to facilitate the finding of coincident observations
from multiple instruments, and it provides fast access to pre-subsetted data and plots, making this a unique tool for hurricane research.
Additionally, data files can be directly accessed through our FTP site.

This near real-time interactive portal was developed to support the multi-year Hurricane and Severe Storm Sentinel (HS3) aircraft
campaign. HS3 is a five year mission with a three year airborne component (2012-2014). The campaign’s main goal is to investigate
the processes that underlie hurricane formation and intensity change in the Atlantic Ocean basin. This portal allows users to analyze
and compare observation data and model forecasts in the North Atlantic basin from July to November of each year of the campaign.

and improve models, and assist in developmg
new algorithms and data assimilation
techniques.
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The North Atlantic Hurricane Watch: On-line Analysis Tools:

Interactively select region
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PERFORM:

- Statistical evaluation

* EOFs, Joint PDFs

e Azimuthal
averages

- Storm Structure

» Storm Size/
Asymmetry

e Storm Center -
ARCHER

* Convective/
Stratiform

- Environment
Vertical Slices
On-demand

- Analysis Visualization



Analysis of the Storm Structure
The Wave Number Analysis Tool
Potential for Intensification

Wavenumber analysis tool
- First adopted by NOAA/HRD
- e.g. Vukicevic et al. (2013)
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Satellite Observations

* To investigate the 2D structure of the precipitation, we use multi-
channel passive microwave observations from a number of different
instruments (TMI, AMSR-E, SSMI and SSMIS, all available at TCIS).

— The rain is inferred from the Rain Index (Hristova-Veleva et al.,
2013) that combines the emission and scattering signals from the
multi-channel information (19 GHz —to 89 GHz) to present a
cohesive depiction of the rain and the graupel above.

— Previous comparisons to NexRad observations show that the Rain
Index looks a lot like radar reflectivity and has a resolution on the
order of 15-20km.

 The wind estimates come from scatterometer observations made by
ASCAT and RapidScat. Both instruments post their retrievals at 12.5km.
However, the actual resolution is closer to 20 km.



- The Rain Indicator — a multi-channel depiction of the storm structure

Hristova-Veleva et al., 2013: “Revealing the Winds Under the Rain. Part I. Passive Microwave Rain Retrievals
Using a New, Observations-Based, Parameterization of Sub-Satellite Rain Variability and Intensity: Algorithm

Description”, 2013, JAMC 52, 2828-2848

Microwave signals at the top of the atmosphere can be classified into two categories:

— emission signal - dominant at lower frequencies; warming; better for light rain. Strong
emission in the atmosphere reduces the polarization difference (PD) in the ocean surface
radiation. Hence, PD is representative of the atmospheric emission.
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— scattering signal -dominant at higher frequencies; cooling; better for heavy rain; PCT

* Hence, both signals have to be incorporated to cover the entire rainfall spectrum.
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Rain Indicator (contoured every 1) and
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The Rain Indicator

Microwave signals at the top of the atmosphere
can be classified into two categories depending
on how the microwave field interacts with the
hydrometeors:

— emission signal - dominant at lower
frequencies; warming; better for light rain.
Strong emission in the atmosphere
reduces the polarization difference (PD) in
the ocean surface radiation. Hence, PD is
representative of the atmospheric

. . 1
emlss’on- (1 ) Rlemission= 1- ﬂz ai* PDt

— scattering signal -dominant at higher

frequencies; cooling; better for heavy rain
o RI i (1+0.818)TB,; —0.818TB,
( ) seatering (1+0.818)TBy5555 — 0.818TB 555,

Hence, both signals have to be incorporated to
cover the entire rainfall spectrum.

+bRI +cRI:

scattering scattring

RainIndicator=aR]I
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